The element which mediates the deletion of the C K gene segment (abbreviations ref. 1) in human X light chain producing B-cells was found to be located 24 kb downstream of C... The kappa deleting element is flanked by hepta-and nonanucleotide recognition sequences similar to the ones adjacent to the J.. gene segments.
INTRODUCTION
Antibody molecules consist of two identical heavy and two identical light chains. In human serum two types of light chains, K and X, are found, but each Individual B-cell expresses only one type, either K or X. Functional genes coding for heavy and light chains are formed by DNA rearrangements during maturation of Blymphocytes (reviews refs. 2, 3) . Immunoglobulin genes seem to follow a developmentally regulated hierarchy of rearrangements (4, 5) . A functional rearrangement in the heavy chain locus precedes the K gene recombination. In general, the X genes start to rearrange only after the K gene rearrangements have led to non-functional products. As a consequence of this sequential order of rearrangements, X light chain producing cells contain aberrantly rearranged K genes and/or have lost at least one of the Cj. alleles.
Recently recombination products between the J K~CK Intron and a DNA segment which replaces the enhancer and C v region in X producing cell lines were cloned and sequenced (6, 7) . It was shown that in all X producers which have their C v region deleted ft this segment is rearranged. This sequence, termed RS in the mouse system (6) and kappa deleting element in man (Kde in ref. 7) , seems to mediate the deletion of C.. via a recombination process similar to the immunoglobulin gene rearrangements. In the mouse, RS is located on chromosome 6 (ref. 8 ) but a physical linkage with the C K region could be established neither in the mouse nor in the human system.
In the course of our genomic walking experiments in the human J K -C K region we isolated a cosmid clone which extends the previously described C R region (9)-30 kb in the 3' direction. We noticed some similarities between the published map of a rearranged Kde and our cosmid clone. A rearranged Kde from a X light chain producing cell line was cloned and used to localize the germline Kde relative to the C,, gene segment. In order to study the rearrangement process which leads to the deletion of C K we have cloned und sequenced the germline Kde and the recombination target region in the J-C lntron. The configuration of the K locus was characterized in a number of X producing cell lines. DNA sequencing. DNA fragments were subcloned in M13mpl8 and 19 (ref. 19) . The sequences were determined by the dideoxy chain termination method (20) .
MATERIALS AND METHODS
Conditions for gel electrophoresis and blot hybridizations were as described (16) , except that Gene Screen Plus filters (NEN) were used, and 1% SDS, 0.1% pyrophosphate were included in the hybridization mixture.
RESULTS
Extension of the C K region in the downstream direction and localization of Kde. The germline clone cos 141, which was isolated with a Cj, probe, extends the previously described Cj. region (9) by 30 kb in the downstream region (Fig. 1A) . Recently, a T-cell receptor variable region gene segment has been mapped 10 kb downstream of the constant region gene C fl2 (21) . Within the 30 kb region downstream of C K we could not detect sequences hybridizing with V K gene probes of subgroups I-IV. If variable gene segments are located 3' of C v the distance must therefore be larger than the one found in the T-cell receptor B chain locus.
We noticed that the restriction map of a region located 24 kb 3 1 of C v showed some similarities with the published restriction maps of the rearranged Kde (7). In order to prepare a Kde probe for hybridization experiments, a rearranged Kde fragment was cloned from the X producing cell line GH2132. This cell line has a deletion of one C v allele; with a J v probe two EcoRI fragments of 8.9 and 10.2 kb were detected. One of the fragments which hybridize with J,, should contain a rearranged Kde, the other one an aberrantly rearranged VJ. A genomic library was constructed in X phages with size selected EcoRI fragments from GM2132 DNA. The library was screened with a J., probe and hybridizing clones were plaque purified. The phage clones X2132-1 and X2132-2 were isolated and restriction maps were established.
A comparison of the restriction map of the clone X2132-1 with the map of the gerraline J v region and the published maps of the rearranged Kde (7) showed that this clone contains a Kde recombined with the J R -C K intron (Fig. 1C) . In order to determine whether the Kde is located on cos 141, a 2.45 kb Hindlll-BamHI fragment, located 25 kb 3' of C v was subcloned and used as hybridization probe (ral41-2; Fig. 1A ). This probe hybridized strongly with the rearranged sequence of X2132-1. Further restriction mapping data confirmed the location of Kde to the region 24 kb 3 1 of C R .
The clone X2132-2 was found to contain a germline J.. region (Fig. IB) , which is surprising because X light chain producing cell lines are thought to contain only J v regions which had undergone attempts of VJ joining (4, 5) . This clone extends our cloned germline -J K -C K region for 4 kb in the 5' direction (Fig.  1A) .
Characterization of the germline and rearranged Kde. A 1.1 kb KpnI-SstI fragment (Fig. 1A ) which spans the recombination site of Kde was subcloned from cos 141 and sequenced. sequence is found in the correct position. In order to look for nonamer sequences in the vicinity of the heptamer (7) we determined the nucleotide sequence of a 0.57 kb region of the J-C region (Fig. 3) . A nonamer box which fits the consensus sequence was found 30 bp 3 1 of the heptamer box. This sequence is nearly
Identical with the complementary sequence of the nonamer found 5 1 of J R 1 (8 out of 9 residues). Another nonamer-like sequence found 23 bp 3' of the heptamer in the JC-intron (pos. 434-442 in Fig.3 ) has a lower homology to known nonamer sequences (e.g. 6 out of 9 residues are homologous with the J v l nonamer). Furthermore, this sequence has base changes in positions which are strongly conserved among the known nonamer sequences.
The insert of the clone X2132-1 is the result of two separate recombination events. A V,. gene segment has recombined with the JyA gene segment and a second recombination has occurred approximately 0.9 kb 3* of J R 5 (see Fig. 1C ). The V R gene was sequenced (data not shown but transmitted as V v 2132 to the EMBL Library) and identified as the same V V II gene which has been rearranged to J K 1 in the cell line GM607 (ref. 22) . The rearrangement in GM2132 is aberrant, since imprecise Joining led to the insertion of a single nucleotide in the V-J junction, which causes a frameshift mutation. Within CDR1 a single nucleotide difference between V R 607 and V K 2132 was found (G instead of C in pos. 91 of ref. 22 ).
In order to determine the exact recombination sites of the JC-intron and Kde in the GH2132 derived double recombinant fragment we also sequenced the 0.95 kb SstI fragment from X2132-1 (Figs. 2,3 ). The Joining of the JC-intron and the Kde regions thus occurs in a narrow region adjacent to the heptamer signal sequences. This resembles the situation known from V-J joining processes (2) , where this is one of the mechanisms to create diversity of immunoglobulin genes. Kde rearrangements in human lymphoid cell lines. In order to study the configuration of the Kde and the J-C region in human lymphoid cell lines Southern blots of genomic DNAs fromX producing cell lines were probed with C.., J R and Kde clones. As expected, the C R region is deleted in most of the X light chain producing cell lines, while the J R region is retained in an altered genomic context in some of these cell lines (Table 1) . The Kde specific probe ml41-2 (Fig. 1A) hybridizes with a 15.4 kb BamHI fragment in placenta DNA and detects rearranged fragments only in cell lines which have their C v genes deleted (Table 1) . It is interesting to note that ml41-2 detects rearranged fragments which do not hybridize with a Jj. probe. These fragments probably represent rearrangements between Kde and a V R gene (7, 8) .
Our data suggest that recombinations of Kde occur more often with sequences 5 1 of the J., cluster than with the JC intron (7 of a total of 11 recombinations; Table 1 ). In a previous study (7) the majority of the Kde recombinations (9 out of 12) were found with the JC intron.
We also probed Southern blots of genomic DNAs from 12 K producing cell lines with the Kde probe. With the exception of the cell line Daudi, no rearrangement of Kde was found. The cell line Daudi has a deletion of C K and J R on one allele (16) 
DISCUSSION
The finding of a gennline K allele in the X light chain producing cell line GM2132 violates the rule of sequential light chain gene rearrangements (4, 5) . This is not the first violation, however; recently two K producing cell lines which have aberrantly rearranged X loci were described (23, 24) . The deviations from the hierarchy of light chain gene rearrangements might be due to the malignant transformation of these three cell lines (multiple myeloma, Burkitt's lymphoma). Alternatively, the findings merely reflect that the sequential rearrangement is not an absolute rule.
The regulatory signals which are responsible for the turn from K to X gene rearrangements are not known. Since RS from mouse contains long open reading frames the possibility was discussed that it might contain a putative regulatory gene for the stimulation of X gene rearrangements (8) . Also in Kde a long open reading frame was found ( Fig. 2 ; 303 bp) but the overall homology with the mouse counterpart, RS, is low and restricted to the region which contains the signal sequences. If the open reading frames have a function it is not conserved between mouse and man.
In the present study we have established for the first time a physical linkage between two sequences which recombine in the K locus. Thus the orientation of the recombination signal sequences is known and the fate of the DNA region between these sequences after recombination can be followed. The signal sequences of the JC intron and Kde are oriented head to head, which allows a deletion of the DNA region in between upon recombination (Fig.5) . It is believed, that segments which are linked to recognition signals with a 12 bp spacer can only recombine with those linked to joining signals which have a 23 bp spacer (2) . According to this rule the Kde which has a 23 bp spacer should recombine only with a region which has a 12 bp spacer in between the heptamer and nonamer sequences. Neither in the human nor in the mouse system there is a nonamer in the JC intron at a distance of 12 bp to the heptamer. One cannot exclude that the heptamer alone is sufficient as a recombination signal. It is tempting, however, to speculate that nonamer related sequences which are found at a 30 bp distance both in the human and in the mouse JC introns are involved in the recombination process. The heptamer-nonamer combination at a 30 bp distance may be a universal acceptor site for recombinations since rearrangements with V., (25) and even J., signal sequences (26) were reported. The 12, 23, and 30 bp spacers represent roughly one, two, and three turns of the DNA helix, respectively. This might be the basis for the binding of the recombinase(s).
When in X producing cell lines C K is deleted one always observes also a rearranged Kde (Table 1; refs. [6] [7] [8] . This argues in favour of an intrachromosomal recombination model although, of course, a sisterchromatid exchange mechanism cannot be excluded.
The signal sequences and the imprecise nature of the deletional recombination are similar in the Kde and the VJ Joining, suggesting that the same recombination enzymes are involved in both processes (6, 7) . This does not imply at all, however, that V-J Joining is also a deletional recombination. Studies on K gene rearrangements in pre-B cells have led to the suggestion of an inversion/deletion model for the VJ recombination (28) . It is believed that the relative orientation of the signal sequences to one another determines whether an Inversion or a deletion occurs (28) . Using a retroviral system the possibility of an inversional recombination of J., and V.. segments was demonstrated (29) , but the relative orientation of V v and J., segments In the genome is still unknown.
In the mouse system a rearrangement of RS with a V R sequence was described (8) . It is likely that in man the observed Kde re-arrangements to the 5 1 side of the J R cluster (Table 1; ref. 7) also involve V., sequences. If these V., genes are oriented in the same transcriptional polarity as the Jj.-Cj.-Kde region, a V K~K de product could be formed by a simple deletion mechanism. Assuming that Vj. gene segments are oriented inversely with respect to J^, then deletional recombination of Kde and Vj, sequences can only occur after a V-J Joining which may result in an inversion of some V v genes so that these gene segments now have the same orientation as J f . In this case attempts of V-J Joining would be a prerequisite for a deletion of C R and the enhancer region.
In a previous report on the chromatin structure of human immunoglobulin genes (30) we described a DNAase I hypersensitive site downstream of J R in the germline allele of the K producing cell line Walker. We now can correlate this hypersensitive site with the heptamer signal sequence region in the JC intron. Interestingly this site is not found in the productively rearranged K allele of Daudi cells. It is tempting to speculate that this hypersensitive site is present on K alleles prior to rearrangement and disappears when a productive rearrangement has occurred, thus preventing a deletional recombination of a productive transcription unit by the action of Kde. It should be interesting to determine the chromatin structure of the Kde region in pre-B cells and in a number of different cell lines.
